Background {#Sec1}
==========

Acute dyspnea is one of the most frequent symptoms of patients presenting to the emergency department (ED), with about 4--5 million hits per year in the United States \[[@CR1]\]. The differential diagnosis is often challenging especially to distinguish between dyspnea of cardiac origin (CD) and dyspnea of other causes. Medical history, physical examination, blood gas analysis, electrocardiogram, laboratory tests and chest X-rays are essential in the diagnostic process, but sometimes not enough and often difficult to obtain instantaneously. For these reasons, about 20% of patients who logs in ED for dyspnea receive incorrect diagnosis and consequently inadequate therapy \[[@CR2]\].

Focused cardiac ultrasound plays an important role in the diagnostic evaluation of the patient at bedside and it is important for triage decisions and emergency treatment \[[@CR3]\]. Large amount of information can be also obtained using lung ultrasound (LUS) especially in the identification and evaluation of pleuro-pulmonary diseases and in the evaluation of extra-vascular lung water \[[@CR4], [@CR5]\]. Utility of LUS has been recently tested to help discriminating causes of acute dyspnea in ED, with or without simultaneous evaluation of heart and inferior vena cava (IVC) \[[@CR6], [@CR7]\]. Using pocket-size imaging device also the assessment of extravascular lung water with evaluation of B-lines and pleural effusion is feasible and reliable \[[@CR8]\].

In the setting of ED standard echocardiographic equipment may be heavy and difficult to handle while hand-carried ultrasound devices have been developed for bedside use. In particular, the ultrasound technology pool has been enriched with pocket ultrasound devices that offer advantages in terms of portability and speed, and are able to reproduce images with standard ultrasound and color Doppler. These devices can be used as first ultrasound approach in ED and ambulance and confer added diagnostic power to the clinical examination in populations of patients with no history of cardiovascular disease \[[@CR9], [@CR10]\].

Informations on accuracy of first diagnostic assessment with pocket ultrasound device in immediate differential diagnosis for acute dyspnea in ED are still deficient. The aim of this study is to test the utility and accuracy of LUS alone or combined with ultrasound of the heart and IVC in the identification of CD with pocket ultrasound device in ED.

Methods {#Sec2}
=======

From November 2014 to August 2015 we enrolled 68 patients presenting to the ED of "Maurizio Bufalini" hospital in Cesena (Italy) for acute dyspnea or sudden worsening of chronic dyspnea within the previous 48 h. All patients underwent clinical exam, blood gas analysis, chest X-Ray, ECG, routine blood tests and integrated ultrasound examination of lung-heart-IVC with pocket size device Vscan (General Electric Healthcare) with a single probe (1.7--3.8 MHz), using abdominal preset for lung and cardiac preset for heart and IVC. Ultrasound examination was performed in semi sitting or supine position by one emergency physician expert in transthoracic echocardiography (ASE level III) and with good experience of LUS who was not taking care of the patient (Fig. [1](#Fig1){ref-type="fig"}). The ultrasound examination was done within 30 min from the arrival of the patients in ED.Fig. 1Integrated ultrasound examination. **a**, **b**, **c**: heart and IVC examination. **d**, **e** lung ultrasound examination. **a**: parasternal long/short axis viex; **b**: apical view; **c**: subcostal view; **d**: anteriorly on the II intercostal space, midclavicular line; **e**: V intercostal space, midaxillary line

Thorax was examined following a simplified protocol that provides two scans at each side: anteriorly on the II intercostal space, midclavicular line and lateral on the V intercostal space, midaxillary line, to sample upper and lower lungs \[[@CR5], [@CR11]\]. The presence or the absence of interstitial syndrome (IS, defined as the presence of at least 3 B-lines for field) and the presence or the absence of pleural effusion (defined as a hypo-anechoic space between the parietal and visceral pleura) were evaluated. LUS was defined positive for bilateral IS and/or effusion if any IS and/or effusion was present in at least 1 scan per side and symmetrically \[[@CR12]\]. By symmetrical we mean the presence of IS and/or effusion in the same scans in both sides of the lungs.

The heart was examined in at least one projection (parasternal long/short axis view and/or apical view and/or subcostal view) allowing qualitative evaluation of left ventricular systolic function, size of chambers and the presence or absence of pericardial effusion. Ejection fraction (EF) was estimated visually and categorized as preserved if \>40% or reduced if ≤40% \[[@CR13]\].

The IVC was explored in subcostal view and evaluated by the presence or absence of dilatation (\> 2 cm) and hypo-reactivity with breathing (variation of size \<50%) \[[@CR3]\].

The final diagnosis of acute dyspnea was determined by an independent emergency physician (blind to the integrated ultrasound examination) who has followed each patient, taking into account all the clinical investigations performed (clinical exam, blood gas analysis, chest X-Ray, ECG, routine blood tests) and the evolution of the patients (response to diuretics, vasoactive agents, non-invasive ventilation, corticosteroids, etc.). Without knowledge of the ultrasound data collected in the ED, he had to classify patients into 2 groups: cardiogenic dyspnea (CD) and dyspnea of non-cardiac origin (non-CD). The primary end point was to compare the diagnostic performance of cardiopulmonary ultrasound with pocket size device and standard examinations (clinical, laboratory, chest x-ray, ECG) for the diagnosis of CD. Specifically, for the diagnosis of CD, the Boston-score diagnostic criteria (points 5--12) have been always satisfied \[[@CR14]\].

In patients with coexistence of heart failure and another cause of dyspnea the main diagnosis was considered CD \[[@CR15]\].

Another emergency physician expert in lung and cardiac ultrasound read all images, blind to the final diagnosis from the ED.

Statistics {#Sec3}
----------

Data were analyzed using SPSS version 21.0 (SPSS, Chicago, Illinois, USA). Continuous data are expressed as mean ± 1 standard deviation and categorical variables as percentages. Quantitative variables were compared by using Student's *t*-test while χ ^2^ distribution was used to compare categorical variables.

The population was divided into patients with CD and patients with non-CD. Contingency tables were produced to analyze sensitivity, specificity, positive predictive value and negative predictive value of the three ultrasonic findings obtained with pocket size device and their various combinations for the diagnosis of CD, based on the final diagnosis made by the emergency physician. Receiver operating characteristic (ROC) curves (AUC) are used to describe and compare the performance of each different ultrasound modality (Lung, Heart, IVC) and the combination between bilateral IS/effusion and only 1 of the cardiovascular abnormalities (EF ≤40% OR dilated and not collapsing IVC) versus the final ED diagnosis \[[@CR16]\].

A *p*-value \<0.05 was considered statistical significant.

Results {#Sec4}
=======

Our study population included 68 patients (43 males) with a mean age of 78 years. Table [1](#Tab1){ref-type="table"} shows the baseline characteristics of the population at arrival in ED. An integrated ultrasound examination was feasible in all patients except 4 who were excluded from the IVC evaluation because under CPAP at arrival in ED. The ultrasound examination time was always less than 3 min.Table 1Baseline characteristics and in-hospital arrival vital signs of the study populationCharacteristicsTotal study population (*n* = 68)Dyspnea of cardiac origin (*n* = 27)Dyspnea of non- cardiac origin (*n* = 41)Age (years)78 ± 1280 ± 977 ± 14Men (%)625666Heart Rate (bpm)97 ± 2591 ± 27100 ± 24Systolic BP (mmHg)135 ± 24138.7 ± 26.4132.9 ± 22.6Diastolic BP (mmHg)78 ± 1581.8 ± 14.975.3 ± 14.3Respiratory rate (breaths/min)24 ± 622 ± 625 ± 6Oxygen saturation (%)92 ± 693 ± 492 ± 7PaO~2~/Fio~2~269 ± 92292 ± 75254 ± 100Body temperature (°C)37 ± 136 ± 1\*37 ± 1White Blood cell (×10^3^/ml)12.0 ± 5.810.4 ± 5.513.1 ± 5.7Neutrophils (%)77 ± 1173 ± 10\*79 ± 11Hemoglobin (g/dl)12.7 ± 2.312.3 ± 2.112.9 ± 2.4C reactive protein (mg/dl)66 ± 7951 ± 7173 ± 82Lactate (mmol/L)2.4 ± 2.12.6 ± 2.92.3 ± 1.3Creatinine (mg/dl)1.2 ± 0.91.48 ± 1.211.09 ± 0.47History of Chronic Obstructive Pulmonary disease (%)4932\*59History of Heart Failure (%)4160\*29*BP* Blood Pressure\**p* \> 0.05 vs dyspnea of non-cardiac origin

Table [2](#Tab2){ref-type="table"} displays the definitive diagnosis of patients, 40% of whom had CD, while 60% had non-CD. Patients with CD show lower body temperature and percentage of neutrophils on white blood cell count (both *p* \< 0.05) and have tendencies to have higher Lactate and creatinine levels and lower C-reactive protein compared to patients with non-CD (Table [1](#Tab1){ref-type="table"}).Table 2Final diagnosis at ED dischargeCasesFinal diagnosis Acute heart failure25 (36.8%) Pneumonia18 (26.5%) Acute or re-exacerbation of COPD17 (25%) Acute heart failure + Pneumonia2 (2.9%) Others: (3) lung cancer, (2) pulmonary embolism, (1) pneumothorax6 (8.8%)Identification of dyspnea of cardiac origin Dyspnea of cardiac origin27 (39.7%) Dyspnea of non-cardiac origin41 (60.3%)*COPD* Chronic Obstructive Pulmonary Disease

Table [3](#Tab3){ref-type="table"} shows the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy for the diagnosis of CD of various ultrasound markers taken individually or in combination. LUS positivity for bilateral IS and/or effusion exhibited good sensitivity and good specificity. The maximum accuracy (90%) for the diagnosis of CD was obtained in the combination of LUS positivity for bilateral IS and/or effusion AND reduced EF OR dilated and hypo-reactive IVC, while the contemporary presence of all three ultrasound abnormalities did not give an optimal accuracy, especially because of the poor sensitivity.Table 3Sensitivity, specificity, positive and negative predictive value and accuracy of the Chest X-ray, Boston score (points 8--12), lung, heart and IVC ultrasound and their combinations in the diagnosis of dyspnea of cardiac originParameterSensitivity (%)Specificity (%)PPV (%)NPV (%)Accuracy (%)Chest X-ray75 (52.9--89.3)85.4 (70.1--93.9)75 (52.9--89.4)85.4 (70.1--93.9)82Boston score (points 8--12)79.2 (57.3--92)70.7 (54.3--83.3)61.3 (42.3--77.6)85.3 (68.2--94.4)74IS/ effusion92,6 (74.2--98.7)80,5 (64.6--90.6)75,8 (57.4--88.2)94,3 (79.5--99)85,3IVC dilated and not collapsing65,4 (44.3--82)88,2 (71.6--96.2)81 (57.4--93.7)76,9 (60.2--88.2)78,3EF ≤ 40%66,7 (46--82.7)87,2 (71.7--95.2)78,3 (55.8--91.7)79,1 (63.5--89.4)78,8IS/effusion OR IVC dilated and not collapsing100 (84.4--100)71.4 (53.4--84.7)72.9 (55.6--85.6)100 (83.4--100)85IS/effusion OR EF ≤ 40%92,3 (74.2--98.7)70,7 (54.3--83.3)67.5 (50.1--81.4)93.5 (77.2--98.9)80IS/effusion AND IVC dilated and not collapsing57,7 (37.2--76)94,1 (78.9--98.9)88,2 (62.2--97.9)74,4 (58.6--86)78,3IS/effusion AND EF ≤ 40%66.6 (46--82.7)97,5 (85.5--99.8)94,7 (71.8--99.7)81.6 (71.8--99.7)85IS/effusion AND EF ≤ ≤40% AND IVC dilated and not collapsing40.7 (23--60.9)97,6 (85.6--99.8)91,6 (59.7--99.5)71.4 (57.6--82.3)73,3IS/effusion AND (EF ≤ 40% OR IVC dilated and not collapsing)81.4 (61.2--92.3)95.1 (82.2--99.2)91.7 (71.6--98.6)88.6 (74.6--95.7)90*PPV* Positive Predictive Value, *NPV* Negative Predictive Value, *IS* Bilateral and symmetrical Interstitial Syndrome, *IVC* Inferior Vena Cava, *EF* Ejection Fraction

Figure [2](#Fig2){ref-type="fig"} shows receiving operating characteristics (ROC) curves (AUC) of the different ultrasound diagnostic approaches evaluated. The combined presence of bilateral IS/effusion AND only 1 other cardiovascular abnormalities (EF ≤40% OR dilated and not collapsing IVC) has the highest AUC for the identification of patients with dyspnea of cardiac origin. Although the difference is not statistically significant from the LUS alone, specificity is maximized.Fig. 2Receiver operating characteristic (ROC) curve comparing accuracy of different ultrasound modalities. p vs IS/effusion AND EF ≤ 40% OR IVC dilated and not collapsing

Discussion {#Sec5}
==========

In a population of patients presenting to the ED for the recent onset of acute dyspnea the integrated ultrasound examination of Lung-Heart-IVC with a pocket size device is feasible and has reliable diagnostic value for the diagnosis of dyspnea of cardiac origin.

Among clinical manifestations of cardiovascular disease, heart failure is increasing in prevalence and incidence, and is among the leading causes of hospitalization and death. Despite advances in recognize subclinical findings of impaired left ventricular function, in acute heart failure the diagnosis is challenging \[[@CR17]--[@CR19]\]. Diastolic dysfunction of the left ventricle, present in all the types of heart failure, regardless of the values of EF, is characterized by increased left ventricular filling pressure with congestion or pulmonary edema and consequent respiratory symptoms. The dysfunction of the right heart, usually secondary to increase in pulmonary arterial pressure, is responsible for the appearance of the signs of peripheral congestion in heart failure (peripheral edema, liver stasis and distended jugular veins).

Even in the ED diagnosis of acute heart failure is mostly based on clinical examination. However, signs and symptoms of acute heart failure are not specific. Even chest x-ray may be falsely negative in 20% of cases \[[@CR20]\]. The Boston score that we adopted has a validated prognostic value in Italy and has proved to be more accurate in predicting poor prognosis than other criteria \[[@CR21]\].

In our study the diagnostic accuracy of chest X-ray and Boston clinical criteria risk score ≥ 8 was suboptimal for detection of patients with acute heart failure and was much lower compared to integrated ultrasound examination of Lung-Heart-IVC. As already demonstrated, LUS performs better than Chest X-ray in identification of patients with acute heart failure, probably because of poor quality of X-ray in the setting of ED \[[@CR15], [@CR20]\].

LUS can be of great help in differentiating CD from non-CD, especially in the case of borderline Boston score (between 5 and 7). The presence of numerous B-lines, sometimes confluent, configures the framework of an alveolar-interstitial syndrome \[[@CR22]\]. It may reflect the presence of either cardiogenic or inflammatory edema, or fibrosis \[[@CR12]\]. Pleural effusion may instead be the result of inflammation of the lung parenchyma or heart failure with increased central venous pressure \[[@CR23]\].

In our analysis, the presence of bilateral IS and/or effusion exhibits a high sensitivity for the diagnosis of CD, with a high negative predictive value, confirming the pathophysiological assumption that in acute heart failure interstitial edema or effusion are present bilaterally and confirming the diagnostic importance of LUS in patients with decompensated heart failure \[[@CR24], [@CR25]\]. Among patients with heart failure in whom bilateral IS is absent, right heart dysfunction might be prevalent. In addition, specificity and, especially, positive predictive value are suboptimal, probably due to presence of lung IS also in the case of pulmonary fibrosis, acute respiratory distress syndrome, interstitial pneumonia, bilateral pneumonia. Although there are ultrasound signs to help differentiating cardiogenic pulmonary edema from ARDS, these are not easily recognizable, especially in an emergency setting with portable devices with cardiac probe \[[@CR26]\]. One limitation of our approach in LUS should be highlighted: we decided to adopt a simplified protocol with only four zone scanning protocol to speed up the echo examination time. In the setting of ED this has already been done using a simplified six zone scanning protocol obtaining a sensitivity for LUS alone comparable to what we have found \[[@CR23]\]. A more comprehensive scanning would have been optimal but also time consuming and so not feasible facing patients in critical condition.

The presence of EF less than or equal to 40% has a low sensitivity for the diagnosis of dyspnea related to acute cardiac decompensation. This reflects the fact that a significant proportion of patients with HF presents with preserved EF \[[@CR27]\]. However, as expected, the specificity is good.

The presence of dilated and not collapsing IVC is typically an accurate index of increased right atrial pressure that can be a result of either an increased pulmonary arterial pressure or right ventricular dysfunction with or without significant tricuspid regurgitation \[[@CR28]\]. In our study, this index exhibits low sensitivity for the diagnosis of cardiogenic dyspnea. This is probably because a sudden increase in pulmonary capillary wedge pressure has no immediate effect on the pulmonary arterial circulation. However, the combination of dilation and hypo-reactivity of the IVC carries good specificity for the diagnosis of cardiogenic dyspnea with an acceptable positive predictive value. Thus we partially confirm the finding that a dilated and not collapsing IVC has acceptable correlation with increased left ventricular pressure \[[@CR29]\], though IVC can be dilated and not collapsing also in different acute (pulmonary embolism, pneumonia with severe hypoxemia) or chronic (pulmonary hypertension in chronic heart failure, chronic pulmonary heart disease) conditions as well as in myocardial infarction with right ventricular dysfunction \[[@CR28]\].

The combination of bilateral IS/effusion and EF ≤40% has a better accuracy than the association between bilateral IS/effusion and dilated and not collapsing IVC for the diagnosis of CD. The contemporary presence of all three ultrasound abnormalities has not an optimal accuracy, especially because of the poor sensitivity.

In the diagnosis of acute heart failure the combination of reduced left ventricular EF and poor collapsibility of IVC has been demonstrated to have high specificity and sensitivity for the diagnosis of HF \[[@CR30]\], with an adjunctive specificity value for the LUS. In our paper we expand this finding demonstrating that a combination of positive LUS examination and reduced EF or IVC dilated and not collapsing demonstrates the best accuracy in the diagnosis of dyspnea of cardiac origin, mainly due to the ability of this combination to maximize specificity compare to LUS alone.

Consistently, the association between bilateral IS/effusion and only 1 of the cardiovascular abnormalities (EF ≤40% or dilated and not collapsing IVC) improves the sensitivity and accuracy compared to the association between bilateral IS/effusion and EF ≤ 40%, because it captures also patients with HF with preserved ejection fraction among whom many have dilated and not collapsing IVC.

The diagnostic value of lung-cardiac-IVC integrated ultrasound was recently tested by *Kajimoto* et al. who showed accuracy (93.3%) slightly greater than our study. This difference possibly reflects the fact that in our protocol color Doppler was not available and only EF was the parameter of LV function detectable during cardiac ultrasound, whereas in their protocol cardiac ultrasound was considered diagnostic also with EF \>40% when associated with moderate to severe mitral regurgitation \[[@CR7]\] expanding the spectrum of types of recognizable heart failure.

Limitations {#Sec6}
-----------

Our study has some limitations. First, the population sample could be larger. However our findings are consistent with previous reports \[[@CR7], [@CR12]\]. It was not possible to follow the clinical course of all enrolled patients because 7 of them were admitted to a different hospital after the ED evaluation. In the remaining 61 patients the EP diagnosis has been confirmed in 93.4% of the cases at the final hospital discharge. Since our aim was to evaluate the diagnostic accuracy of ultrasound in the ED we decided to adopt as diagnostic gold standard the EP diagnosis. Also it is not yet possible with the pocket ultrasound device to examine the diastolic function of the left ventricle.

Conclusions {#Sec7}
===========

Overall, the integrated lung-heart-IVC ultrasound examination improves the accuracy of LUS alone, by maximizing specificity, and allowing to capture different types of heart failure. This makes pocket ultrasound devices useful for the efficiency and speed in the differential diagnosis of acute dyspnea in the ED.

The IUE of lung-heart-inferior vena cava with pocket ultrasound devices is an extension of the clinical examination and can be realized with a protocol that provides 4 thoracic scans (2 front and 2 lateral), at least one view (parasternal and/or apical and/or subcostal) which enables the assessment of LV systolic function and the subcostal view for the inferior vena cava. This method is readily available at bedside or even in ambulance, requires few minutes and has reliable diagnostic accuracy in the management of acute dyspnea.
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